T his article describes the Life Course Health Development (LCHD) framework, which was created to explain how health trajectories develop over an individual's lifetime and how this knowledge can guide new approaches to policy and research. Using recent research from the fields of public health, medicine, human development, and social sciences, the LCHD framework shows that
• Health is a consequence of multiple determinants operating in nested genetic, biological, behavioral, social, and economic contexts that change as a person develops.
• Health development is an adaptive process composed of multiple transactions between these contexts and the biobehavioral regulatory systems that define human functions.
• Different health trajectories are the product of cumulative risk and protective factors and other influences that are programmed into biobehavioral regulatory systems during critical and sensitive periods.
• The timing and sequence of biological, psychological, cultural, and historical events and experiences influence the health and development of both individuals and populations. Based on the relationship between experience and the biology and psychology of development, the LCHD framework offers a conceptual model for health development and a more powerful approach to understanding diseases. Throughout this article, we illustrate how risk factors, protective factors, and early-life experiences affect people's longterm health and disease outcomes. A better understanding of health development should enable us to manipulate early risk factors and protective factors and help shift our emphasis on treatment in the later stages of disease to the promotion of earlier, more effective preventive strategies and interventions focused on maximizing optimal health development.
Our Changing Understanding of Health
In recent decades our understanding of human health has changed. In the 1970s, older biomedical definitions of health, based on "an absence of disease," were justly criticized as reductionist and limited in scope (Evans and Stoddart 1990) , and clinical researchers began defining health as a dynamic, multifactor, biopsychosocial phenomenon that influences physical, psychological, and social functioning (Engle 1977; Evans 1994; Singer and Ryff 2001) . In public health, "field models" were increasingly used to account for the full range of issues that affect human health (Canadian Government 1974) and to guide the development of health research, measurement, and policy (Durch, Bailey, and Stoto 1997; Evans and Stoddart 1990; Kindig 1997) . Like clinical efforts to reconceptualize health in biopsychosocial terms, field models link determinants from various domains (fields)-including global factors (physical, environmental, socioeconomic) , middle-level factors (health care, behavioral interventions), and individual, small-group, and community factors-to explain the origins of disease, health, and wellbeing (Evans and Stoddart 1990) .
Today at the beginning of the 21st century, our understanding of health has broadened. For example, a new definition of health was recently suggested by the European Region of the World Health Organization:
[Health] is the extent to which an individual or group is able, on the one hand, to realize aspirations and satisfy needs, and, on the other hand, to change and cope with the environment. Health is therefore seen as a resource for everyday life, not the objective of living; it is a positive concept emphasizing social and personal resources as well as physical capacities. (cited in Young 1998, 1) Our view of disease causation and predisease pathways has also broadened, as it has become clear that health risks are created and maintained by social systems and that the magnitude of those risks is largely a function of socioeconomic disparities and psychosocial gradients (BenShlomo and Kuh 2002; Brunner and Marmot 1999; Hertzman 1994; Hertzman et al. 2001; Singer and Ryff 2001) . Accordingly, our efforts to reduce health disparities can no longer be confined only to providing better access and more resources to address the needs of the underserved. We now understand that we must address the underlying social factors that determine these health disparities, including differences in income, employment benefits, and even the very quality of family and social relationships.
Disparities in health outcomes and in the psychosocial factors contributing to them are present early in life and are expressed and compounded during a person's lifetime (Keating and Hertzman 1999; Wadsworth 1999) . Risk factors are embedded in a person's biological makeup, manifested in the disparities in a population's health, and maintained by social, cultural, and economic forces (Hertzman 2000) . To understand the origins and effects of these health disparities, we increasingly rely on an analysis of biological, psychological, socioeconomic, cultural, and physical environments and their impact on the health of both individuals and populations (Blaine 1999; Boyce et al. 1998; Bronfennbrenner 1979; Hertzman 2000; Lerner 1992 ). Because research on health disparities has demonstrated the effect of many determinants interacting in various contexts at developmentally sensitive points, we need an integrated conceptual model to translate evidence into policies, practices, and health systems.
The field of developmental science bears an underappreciated relevance for health science and health policy (Cairns, Elder, and Costello 1996) . Some early "developmentalists" viewed human development as the unfolding of a genetically predetermined process of maturation and accordingly attributed less influence to environmental factors. More recent developmental theories place greater emphasis on the role of dynamic environment-gene transactions and on the mechanisms through which social contexts induce changes in psychological and biological functions (Gottlieb 1996; Magnusson and Cairns 1996; Sameroff and Fiese 2000) . The most recent dynamic contextual developmental models combine gene transactions, changes in social context, and environmental and biological factors to trace the effect of the timing of developmental events on developmental trajectories (Dawson, Ashman, and Carver 2000; Meaney 2001 ). That is, how genes are expressed is determined by a person's particular physical, psychological, and social environment (Kandel 1998) . Consequently, social relationships can actually influence the expression of DNA throughout a person's lifetime (Sameroff and Fiese 2000; Worthman 1999 ). These understandings have powerful implications for health policy.
Our present scientific understanding of health and of human development has converged around several key points, which are summarized next and then elaborated.
• The importance of embedding: Embedding is the process by which experiences are programmed into the structure and functioning of biological and behavioral systems (Hertzman 1999 ).
• The role of risk and protective factors: Researchers in both health and human development agree that both health and development balance gains and growth against deterioration and loss, a balance that involves interactions between protective factors and risk factors (Baltes and Graf 1996; Breslow 1999 ).
• The developmental significance of extended time frames: Current understanding of the development of health and disease highlights how experiences at the beginning of life relate to functional outcomes during the middle and end of life (Ben-Shlomo and Kuh 2002; Hertzman 1994; Meaney 2001; Singer and Ryff 2001; Wadsworth 1999) . A life-course developmental perspective addresses the sequencing of events across an entire lifetime and also accounts for intergenerational influences.
• The many determinants of health outcomes: Health and developmental science recognize the multidimensionality and complexity of causation, including how environmental, social, psychological, and biological systems interact to influence health and developmental outcomes (Lerner and Benson 2002; Boyce et al. 1998 ).
• Representing health development as functional trajectories: Health and developmental science present changes in functional status over time in terms of trajectories of development.
The Life Course Health Development (LCHD) Framework

Concepts and Principles
Building on this convergence of health and developmental science, we propose a new framework to explain how different environmental, physiological, behavioral, and psychological contexts influence risk profiles and long-term health development trajectories. Accordingly, we define health development as a lifelong adaptive process that builds and maintains optimal functional capacity and disease resistance. The LCHD framework presented here is based on four related principles that explain how biological factors and environments transform individual biobehavioral functioning across the lifespan or life course.
1. The multiple contexts of health development. 2. The design and process of health development. 3. Mechanisms that account for variation in the trajectories of health development. 4. The integration of multiple time frames of health development.
Figure 1, adopted from Worthman (1999) , suggests how these principles interact during a lifetime. In this figure, the macrocontext, is made up of multiple environments (e.g., physical, social, health care) that interact with the microcontext, which includes the design strategies, processes, and mechanisms of health development, to produce different health outcomes. This figure also illustrates how the design strategies of health development are organized into specific routines, pathways, and functional trajectories.
The Environment of Health Development
Although the basic processes of human development are genetically programmed, gene expression is modified by past and present environments.
In populations, the influence of different environmental contexts can be represented as "macropathways" depicting the interactions between the economic, social, physical, behavioral, cultural, and other environments that mediate, or modify, individual functioning. Macropathways typically involve risk and protective factors that are often correlated (e.g., poverty, geographic proximity, physical environment, limited social capital) and that together define the path of health development (Boyce et al. 1998) . Several macropathway models have been proposed to explainhowvariousdeterminants interact to producedifferentpopulation health outcomes (Brunner and Marmot 1999; Evans and Stoddart 1990; Hertzman et al. 2001) . The existence of the macropathways depicted in these multiple-determinant models is supported by empirical research on how economic change, demographic shifts, and alterations in lifestyles and behaviors affect everyday life and thereby influence growth, reproductive maturation, and fertility, as well as exposure to different risks and protective factors that influence the distribution of disease and the process of aging in populations (Repetti, Taylor, and Seaman 2002; Worthman 1999) . In individuals, multiple-determinant models describe the macropathways through which different environmental contexts influence lifestyle, physical activity, and food consumption. These in turn mediate the effects of social, economic, and cultural environments on short-and long-term health and well-being. This mediation is based on the functioning of metabolic and neuroendocrine regulatory "micropathways," which are described in more detail in the next section. In any particular environmental context, one or two factors (e.g., access to food, level of psychosocial stress, amount of air pollution) may be especially important to specific health outcomes (e.g., growth, psychological adjustment, exacerbation of asthma), but it is probably rare that a single environmental factor is uncorrelated with other influential factors from the same environment. Moreover, these multiple nested environments are dynamic, and during different stages in life, their relative influence changes (Nordio 1978) . For example, family environment has a relatively greater effect on the health development of young children, whereas neighborhood and individual behaviors become more important as they age (Wadsworth 1999) . Peer influences predominate in shaping the health development of adolescents, whereas social networks and age-specific service systems are the principal influence in older persons' compensatory adaptations to functional loss (Baltes and Graf 1996) .
To understand how multiple nested environments affect individual development, life course sociologists created the concept of "life pathways." The life pathway concept contrasts with the earlier view of life course as a simple linear trajectory, divided into ages and stages and bounded by the finitude of death (Bury 1998; Featherstone and Hepworth 1998) . Research by Elder and his colleagues defined the life path from childhood onward as influenced by the prevailing historical, social, economic, and cultural environments. They described how families used their adaptive roles and capacities to minimize the effect of the 1930s Great Depression on their children's well-being. They also observed how other major historical events occurring during sensitive points in development shaped their life course (Elder 1974; Elder 1998a Elder , 1998b Elder, Liker, and Cross 1984; Elder, Van Nguyen, and Caspi 1985) . An enormous body of life course research describes individual developmental trajectories (life pathways) in accordance with the sequence, impact, and cumulative influence of life events on a range of outcomes from childbearing to transition into and out of the workforce.
Even though social environments and experiences influence health development at all stages, those early in life are thought to have a particularly powerful effect on morbidity, largely because of the persistence of biobehavioral attributes that are acquired early in life (Friedman et al. 1993; Haan, Millsap, and Hartka 1986; Schwartz et al. 1995) . The 1946 British National Birth Cohort Follow-up Study provided extensive evidence of the effect of early life experiences on cognitive functions (Richards et al. 1999 (Richards et al. , 2001 , physical growth trajectories (Montgomery, Bartley, and Wilkinson 1997) , menopause Kuh, Wadsworth, and Hardy 1997) , blood pressure (Wadsworth et al. 1985) , psychotic illness (Jones et al. 1994) , respiratory health (Mann, Wadsworth, and Coley 1992) , and other serious diseases (DeStavola et al. 2000; Pless et al. 1989 ). Other studies demonstrated a "dose response" relationship between the exposure to abuse and family dysfunction during childhood and the prevalence, severity, and age of onset of adult disease (Felitti et al. 1998) . Several recent reviews connected the relationship between childhood family and social environments and the occurrence of later health and mental health outcomes (Institute of Medicine 2001; Repetti, Taylor, and Seeman 2002; Singer and Ryff 2001) . Recent studies of adolescents in Chicago's inner city also identified how particular social networks can determine their risk status and resiliency and influence their life course trajectories Laub 1993, 1996; Sampson, Raudenbush, and Earls 1997) .
Early experiences and adaptive responses can significantly influence the trajectory of health development, without having a deterministic effect. Especially in behavioral subsystems, contemporary theories and research stress that people remain relatively malleable throughout life (Lerner 1992) . Longitudinal studies of the elderly show that throughout life, environment and context (e.g., culture-specific social relationships, general social support, strategies for maintaining personal mobility, and other factors) are important to modifying functional trajectories such as critical problem-solving and calculation abilities (Baltes, Lindenberger, and Staudinger 1998) . The ability to identify and use resources in their environment enables elderly persons to maximize their functional capacities within the parameters defined by early life experiences and genetics. For example, despite measurable declines in the speed and efficiency of information processing, an elderly person is able to maintain higher levels of intellectual and other functioning through the use of various strategies, some that are widespread (e.g., enhancing memory with written notes) and others that may be specific to a particular cultural or economic context (e.g., moving in with children, selecting an "assistedliving" housing arrangement).
The life pathway of health development is defined by the cumulative pattern of experiences of individuals and populations in many contexts, reflecting the importance of developmental transitions, turning points, and trajectories (Moen and Wethington 1999) . Environmental insults can cause damage in gradual and independent ways or may cluster together in socially patterned ways (Ben Shlomo and Kuh 2002) . For example, a child living in a poor neighborhood may be more likely to witness interpersonal violence and, at the same time, subsist on a poor diet and be exposed to environmental toxins. Over time, the same child is less likely to attend nursery school, to have many educational advantages at home, and to attend an elementary school that facilitates relationships with more advantaged peers. The effects of these experiences and environments are compounded as the child passes through each transition and turning point along his or her life path (Blaine 1999) . Small initial effects, such as a reduction in the child's school readiness, may snowball as his school achievement drops relative to that of other children and may be reinforced by less workplace readiness in later years (Phillips, Crouse, and Ralph 1998) .
Research on the development of life pathways suggests that nested and correlated social contexts broaden and deepen and become more differentiated over time (Boyce et al. 1998; Blaine 1999) . These age-dependent patterns of social influence are most powerful at times of transition between different life phases (Blaine 1999; Graber and Brooks-Gunn 1996; Moen and Wethington 1999) . As individuals move along even very constrained life pathways, they may adopt and relinquish roles and identities and transform and modify personal ties and social relationships as they adapt to the demands of their shifting social, psychological, and biological environments. Distinct life paths emerge not only from the correlation of related contexts but also because individual and family responses form coherent biological and cultural strategies of adaptation (Chapman and Scott 2001) .
The Design and Process of Health Development
To understand the connection between social context and health, we next examine the development and organization of the micropathways that translate information from social relationships, environmental exposures, and historical events into biological information that alters the functioning of biological processes. In this section we focus on the design and integration of biobehavioral processes into a number of functional systems (e.g. nervous, endocrine, immune, and respiratory) and how regulatory systems program health development trajectories.
The Design and Development of Micropathways. The design of human physiological systems, such as the nervous, endocrine, and immune systems, has evolved in response to the selection pressures of evolution (Worthman 1999) . In addition to each system's unique attributes, all systems are functionally enmeshed and physiologically connected to one another. Each one, and the human organism as a whole, is capable of self-organization-of changing and adapting to its particular niche in response to its internal (genetic) programs and external relationships (Baltes and Graf 1996) .
Because each system provides an operational context for the others, each one also offers opportunities for and imposes constraints on the others' functioning. Figure 2 shows how pathways can connect the various functional systems, thereby permitting higher levels of integration and functioning. In this simplified schema, the brain translates the cognitive and emotional information it receives into changes in immune and endocrine functions, and the immune system gives sensory information, via the hypothalamus, to the nervous system about the nature and magnitude of an infection.
Micropathways develop and adapt as they transfer information from extraorganismic contexts into intraorganismic structures and functional attributes (figures 1 and 2). This process is dependent on the design of the biological, psychological, and behavioral systems and their capacity to change in response to different contexts (Repetti, Taylor, and Seaman 2002) . Regulatory systems, such as the nervous, immune, and endocrine fig. 2 . Pathways of communication and information transfer between the brain, hypothalamic-pituitary-adrenal axis, and immune system. This figure depicts how external influence triggers response patterns across systems promoting integrated patterns of response. Source: Brunner and Marmot 1999, 30. systems, appear to be particularly important in transferring information between external and internal environments (Worthman 1999) .
For example, by modulating the metabolism, the endocrine system plays a central role in the day-to-day allocation of physiological resources. It mediates the interface between the individual and his or her environment by regulating responses to stresses and challenges through a range of facilitative adjustments and by regulating the rate of growth and the timing of developmental transitions such as puberty and menopause (Worthman 1999) . The endocrine system has been compared to a sophisticated computer operating system, with its capacity to switch "application programs" on and off. It can pace growth and even allocate resources to other somatic systems. Furthermore, it can even control growth across time, selectively using current resources to meet immediate adaptive demands in ways that limit or enhance their future availability (Baltes and Graf 1996; Worthman 1999) .
The case of fetal malnutrition provides an example of how the endocrine system's functional pathways can be modified in response to environmental stress. Malnourished infants manifest a blunted response of insulin-like growth factor (IGF) to growth hormone and hyperresponsiveness to growth hormone releasing factor (GRHF). This pattern is indicative of receptor-mediated resistance (Barker 1992) . As a result of these changes, malnourished infants create a new glucose metabolism set point. These physiological changes reveal the developmental pathway that may account for the observed association between early malnutrition and lower adult glucose tolerance and a higher risk of developing diabetes (Barker 1992; Worthman 1999) .
Although each person's endocrine system has the same basic design and functional architecture, each functions somewhat differently because of genetic variation and environmental influences, resulting in hormone levels that vary as much as fivefold between individuals (Worthman 1999) . Anthropologists like Worthman have begun to explore how different human ecologies may account for the variations in endocrine function by modifying set points; modulating the intensity of the functional interactions among the endocrine, immune, and nervous systems; transforming age-specific developmental changes; and influencing regulatory functions (Worthman 1999) . Other biobehavioral systems have evolved in a similar way, with unique design features that influence how they are programmed and how they control changes in functional capacity during the life course.
The micropathways that connect and influence the operation of human biobehavioral systems are not fully functional at birth. Rather, they are adaptively programmed in response to different experiences and to the short-and long-term changes in functional status produced by various feedforward and feedback processes. Despite this complex developmental programming, certain processes of the endocrine, immune, neurological, respiratory, and other systems have similar functional trajectories during a person's lifetime. The developmental trajectory of each of these biobehavioral systems follows the same general pattern: first, steady curvilinear growth in functional capacity; then, maintenance of functional integrity; and finally, compensation in the face of decline, which often proceeds in a less smooth and more steplike pattern (Baltes and Graf 1996) . This basic pattern of the "life course functional trajectory" for several systems is depicted in figure 3 .
Micropathways and Functional Trajectories. The autonomic nervous system (ANS), sympathetic adrenomedullary (SAM) and parasympathetic nervous system (PNS), hypothalamic pituitary adrenal (HPA) axis, and limbic (serotonergic) system have been shown to regulate several biobehavioral pathways that are significant for health (Seeman et al. 1997) . Animal and human experiments have documented how these regulatory mechanisms are developmentally programmed in response to different social and behavioral contexts (Liu et al. 1997; Meaney, Aitkin, and Van Berkel 1988; Suomi 1999 ). Meaney and colleagues demonstrated that rat pups that received more maternal attention and stimulation had more hippocampal glucocorticoid receptors, were less reactive, recovered more rapidly when stressed, and demonstrated less age-related HPA dysregulation (Meaney, Aitken, and Van Berkel 1988) . Meaney and colleagues have also shown that different levels of tactile stimulation induce different levels of gene transcription of cortisol releasing factor (CRF), accounting for different behavioral responses to stress (Meaney 2001 ). Suomi's long-term studies of monkeys showed the relationships among social dominance, patterns of behavioral responses, HPA and autonomic reactivity, and immunocompetency (Suomi 1999) . Extrapolating these animal models to humans, Boyce and colleagues described how patterns of autonomic reactivity develop in children in different environmental contexts. They found that different behavioral and autonomic reactivity patterns were associated with the development of acute illness, and they have prospectively mapped the relationship of these reactivity patterns to the development of psychopathology as the children age Boyce et al. 2001) .
Specific alterations in interactions between genes and environment and disturbances in homeostatic equilibrium and dysregulation due to stress are now being linked to the development of health disorders like cardiovascular disease, hypertension, cancer, and cognitive decline (Brunner and Marmot 1999; McEwen 1998) . The concept of fig. 3 . Diagrams demonstrating similarities in the pattern of developmental functional trajectories across physiological systems. Sources: (a) Strachan 1997, 104; Lamberts, van den Beld, and van der Lely 1997, 421; Ramey and Ramey 2000, 132. allostasis-the ability to achieve stability through change-and the allostatic load hypothesis connect an individual's psychosocial environment to diseases and functional declines by way of dysregulation in various neuroendocrine systems (McEwen and Stellar 1993) . Examples of the adaptive price of stress-induced wear and tear ("weathering") on the organism include pushing the endocrine system toward diabetes or the cardiovascular system toward coronary artery disease and hypertension. For example, in a prospective study of older Americans that measured allostatic load by monitoring different hormones, those individuals with less allostatic load showed a lower trajectory of decline and were less likely to develop cardiovascular disease (Seeman et al. 1997) . Likewise, the cascading influence of family stress and conflict on the development of physical and mental disorders in children due to dysregulation of the HPA, SAM, and PNS is increasingly well documented (Gunnar 1998; Hart, Gunnar, and Cicchetti 1996; Repetti, Taylor, and Seeman 2002) . The mechanisms and biological markers of reactivity and regulatory patterns may prove valuable as indicators of stress, allostatic load, and predictors of developmental health problems (Boyce et al. 2001; Gunnar 1998; Seeman et al. 1997) . For example, the future measurement of biomarkers, such as cortisol or corticotrophin releasing factor (CRF) levels in young children, or a set of emerging biomarkers, may have uses in identifying children at developmental risk for disease or disabilities that will be diagnosed decades later.
The allostatic load hypothesis is one example of how selective optimization and compensation serve as basic design strategies of life course health development. As biobehavioral plasticity and/or resource capacity decreases over time, the remaining resources are used selectively to optimize function. When demands exceed the organism's capacity to respond, these compensatory mechanisms reach their limits, and the system's functional level begin to decline (Baltes and Graf 1996) . A more complete and operational understanding of the origins and expression of predisease pathways and life course health development pathways must account for basic strategies of health development like these (Singer and Ryff 2001) .
Two examples help illustrate how micropathways develop and function in response to the contextual influences that shape human development (Holt and Sly 2000) .
Research on the onset, evolution, and impact of childhood asthma has provided evidence of how the immune, respiratory, and nervous systems interact to determine pathways of asthma onset and morbidity (Holt, Sly, and Bjorksten 1997; Klinnert et al. 2001; Leung 1997; Martinez and Holt 1999) . Early life events influence the development of the lungs and the responsiveness of the immune system, as well as a person's susceptibility to infection and allergenic and toxic challenges to the airways . The critical periods and pathways in and by which these early influences on asthma operate now appear to include key prenatal and postnatal exposure and response patterns Leung 1997 ). In addition, early infectious illnesses and exposure to allergens can turn on and off and amplify genetically programmed immune responses Martinez and Holt 1999) . The early programming of these response patterns appears to have a significant influence on the trajectory of adult lung function (Strachan 1997) . For example, lifelong measurements of forced expiratory volume demonstrate that lower trajectories of function over time are associated not only with premature disability and disease but also with an accelerated decline in functional health status and an earlier expression of disease in adults (Kerstjens et al. 1997; Weiss 1995) .
Another example from developmental psychopathology demonstrates the short-and long-term effects of impaired early relationships on children's long-term development (Cicchetti and Aber 1998) . A good illustration of this phenomenon is the effect of maternal depression on infant development. Relative to control mothers, depressed mothers express less positive and more negative affect, are less attentive and engaged with their infants, and, when engaged, are more intrusive and controlling and fail to respond adaptively to their infants' emotional signals (Dawson, Hessel, and Frey 1994) . Their infants have shorter attention spans, less motivation to master new tasks, elevated heart rates, elevated cortisol levels, and reduced EEG activity in the right frontal cortex, all of which correlate with the experience of negative affect in adults (Dawson, Hessel, and Frey 1994) . Longitudinal data on infants of depressed mothers indicate that elevated heart rates and cortisol can persist and may represent a functional programming of the child's autonomic set point. If true, this may explain in part Coghill and colleagues' (1986) finding that after controlling for the maternal depression status when the child was four years old, maternal depression during an infant's first year of life was predictive of the child's cognitive ability at that age.
Mechanisms That Account for Variation in the Trajectories of Health Development
Health development can be understood as the interaction between cumulative and programming mechanisms, which are controlled by genes, experiences, and past adaptive responses (Powers and Hertzman 1997) . Similar influences, or mechanisms, are known by different names in other fields; for example, in the neurobiology of synaptic development, cumulative mechanisms are described as "experience dependent," and programming mechanisms are "experience expectant" (Greenough, Black, and Wallace 1987) .
Cumulative mechanisms refer to effects that are largely independent of a particular developmental stage and/or exposure timing and instead are dose or exposure dependent. The traditional public health understanding of chronic disease implicitly relied on cumulative pathways of disease. Cumulative models of disease are based on the relationship between the number of social risk factors that a child experiences and his or her intellectual attainment (Sameroff et al. 1987; Sameroff et al. 1993) , or on the cumulative effects on various outcomes from a lifelong exposure to a specific risk factor such as cigarette smoke (Elford, Whincup, and Shaper 1991) . In addition, numerous studies have examined the cumulative impact of risk factors, for example, for coronary heart disease (CHD), including obesity, hypertension, cholesterol, and cigarette smoking (Epstein 1996; Kuh and Davey Smith 1997; Kromhout, Menotti, and Blackburn 1994) . Ben-Shlomo and Kuh have further refined the classification of cumulative mechanisms to define patterns of risk clustering and "chains of risk" where one adverse or beneficial exposure tends to lead to another (Ben-Shlomo and Kuh 2002) .
Programming mechanisms refer to the strong, independent effect of risks, exposures, and adaptive responses during sensitive or critical developmental periods, many of which occur early in life. The existence of programming effects and the evidence for critical or sensitive periods in developing biological systems have been known for decades. Recently, however, the range and extent of programming effects of biological and psychophysiological processes have become more widely appreciated and are now used to explain long-term health development (Ben-Shlomo and Kuh 2002; Leon 1998; Lucas 1991 Lucas , 1998 ). The programming model concentrates on the effect of earlier experiences on later outcomes.
Critical or "sensitive" periods are those stages of functional development when a regulatory pathway is being constructed or modified and the developing organism is particularly responsive and sensitive to favorable or unfavorable environmental factors. When an early environmental stimulus or insult occurs during a critical or sensitive period, it programs a long-term or permanent change in an organism's functional system (Ben-Shlomo and Kuh 2002; Lucas 1991; Wadsworth 1999) . Hormones, antigens, and drugs all can serve as programming agents that deactivate, activate, or alter functional pathways. Programmed long-term adaptations are the result of interactions between genes and the environment in which environmental factors influence and help set the operating parameters of specific genes during critical and sensitive developmental periods (Gottlieb 1996; Sylva 1997; Wadsworth 1999) . It is useful to distinguish between a critical and sensitive period, and the qualitative and quantitative effects of exposures during these distinct periods (Ben-Shlomo and Kuh 2002) . As opposed to a critical period when a developmental path is determined, a sensitive period of development is a time when a favorable or unfavorable exposure has a stronger effect than it would have at other times.
The work of David Barker (and his colleagues) at the Medical Research Council (MRC), Environmental Epidemiology Unit, in Southampton, England, in the 1980s and 1990s pointed to the importance of early life factors in the programming of risk for chronic disease in adults during critical periods (Barker 1998) . Using historical cohort designs, Barker's group analyzed birth weight data and measures of development in the first years of life and found extensive evidence that adult somatic response patterns were programmed in early life. That is, birth weight, placenta size, and weight gain and growth in the first year of life were found to be associated with cardiovascular disease and other chronic illness (e.g., diabetes, hypertension) in the fifth and sixth decades (Barker 1998; Martyn, Barker, and Osmond 1996; Rich-Edwards et al. 1997) . While initially viewed with some skepticism (Kuh and Ben-Shlomo 1997; Lucas, Fewtrell, and Cole 1999 ), Barker's contention regarding the programming effects of fetal and early childhood malnutrition has been supported by recent reviews of physiological pathways that may provide mechanisms for fetal programming (Barker and Osmond 1986; Leon 1998; Lucas 1998; Seckl 1998) . These reviews describe how adverse maternal environments (malnutrition; stress; exposure to tobacco, drugs, and alcohol) can modulate placental hormonal function, alter fetal hormonal response patterns, and influence fetal tissue programming of vascular responses, hypothalamic pituitary axis (HPA) activity, insulinglucose homeostasis, and renal structures (Seckl 1998) .
These programming and cumulative models reveal the nature of health development, which we will explore more fully when we consider the LCHD's implications for health policy. Programming models show how and why early experiences matter for later outcomes. Sensitive periods, early learning, induced development, and the programming of somatic systems for decades of function-all have significance for aging and decline. In addition, these potential long-term effects raise important policy questions about the potential value of concentrating resources on improving and optimizing the initial developmental states versus concentrating on reducing risks and promoting positive outcomes for persons already exposed to less optimal initial conditions (Smith 1999; Wadsworth 1999) .
The health development trajectory shows how early experiences and exposure to risk factors may affect later health status, including the trajectory of decline (figure 4). The heuristic value of trajectories is supported by a significant body of evidence showing that number, type, timing, and context of risk and protective factors differentially affect outcomes (Boyce et al 1998; Sameroff et al. 1993; Steinberg and Avenevoli 2000) through cumulative and programming mechanisms (Ben-Shlomo and Kuh 2002; Powers and Hertzman 1997) . Risk factors lower health development trajectories, and promoting factors help raise trajectories. As figure 4 suggests, health development outcomes can be understood as the product of competing positive and negative influences over time. For example, in a child with asthma, exposure to allergens or infection during periods when the immune system is being programmed, as well as the modifying influence of adaptive or maladaptive parenting, may influence the nature, frequency, and persistence of asthma attacks and long-term lung functioning. Other risk factors, such as additional exposure to allergens and poor pest control or poor access to health care, can diminish the child's functional respiratory trajectory. In contrast, support for breast feeding, management of antigen exposure, behavioral and educational interventions, and appropriate access to good-quality health care all can serve as protective factors that minimize asthma exacerbations and maximize functional outcomes. For both individuals and populations, the number and type of risk factors and protective factors can result in different health trajectories and disparities in health outcomes. fig. 4 . How risk reduction and health promotion strategies influence health development. This figure illustrates how risk reduction strategies can mitigate the influence of risk factors on the developmental trajectory, and how health promotion strategies can simultaneously support and optimize the developmental trajectory. In the absence of effective risk reduction and health promotion, the developmental trajectory will be suboptimal (dotted curve). Source: Halfon, Inkelas, and Hochstein 2000, 455.
The Integration of Multiple Time Frames of Health Development
The contexts, processes, and mechanisms of health development are organized according to biological, behavioral, cultural, and historical time frames, each influencing individuals and populations in 1. The pattern of critical and/or sensitive periods during the life span; 2. The transitions and turning points in health development; 3. The interactions among developmental time scales.
Critical/Sensitive Periods during the Life Span. Even early in the 20th century, children's experiences were believed to determine and predict their adult health and mortality (Bloom 1964; Draper 1924 ). It was not until the 1980s and early 1990s that research was able to demonstrate how experiences in early childhood led to chronic disease in individuals and populations through specific time-dependent biological and social processes (Davey Smith and Kuh 2001; Gottlieb 1996; Kuh and Ben-Shlomo 1997; Sameroff et al. 1987; Sroufe 1997) . During these past two decades, epidemiological studies have found an independent predictive effect for adult disease and disability of prenatal and early childhood factors such as the baby's birth weight, weight gain during infancy, and growth rate and height; the maternal socioeconomic circumstances and attachment to the child; the child's educational attainment; and divorce by the parents and their smoking behavior (Barker 1998; Hertzman 1994; Powers and Hertzman 1997; Rodgers 1994; Wadsworth 1991) . Some of these exposures exert their influence over several years, whereas others exert influences only during narrow developmental time frames.
The development of the nervous systems demonstrates the importance of critical periods during which a person must undergo evolutionarily normative experiences and their associated neural activities in order to create an optimal adult pattern of neural connections (Carlson and Earls 1997; Penn and Shatz 1999) . For example, studies of the structure and function of the visual area of the cerebral cortex in primates show that the establishment of neural connections and their subsequent pruning depend on the type of visual stimulation provided by the environment (Hubel and Wiesel 1965; Hubel, Wiesel, and LeVay 1977) . Likewise, the complexity and rapidity of neural development creates a critical period of neuronal vulnerability that extends from the end of the second trimester of gestation well into the first decade of childhood (Huttenlocher 1990; Huttenlocher and Dabholkar 1997; Penn and Shatz 1999) . The difference between identical environmental deficits occurring during critical versus noncritical periods is exemplified by visual impairment and the development of amblyopia in humans. Cataracts in a child who is younger than 18 months that are not promptly treated can lead to the loss of much of his or her vision, whereas cataracts in a person in his or her 60s have no known adverse consequence on cortical organization because of the relative stability of mature neuronal connections.
Brain functioning and basic neuronal connectivity are shaped by experience (Eisenberg 1995 (Eisenberg , 1999 Penn and Shatz 1999) . The trajectory and timing of brain development and the growth of neuronal connectivity are dependent on the interplay between the genetic program and a variety of external events and experiences. Genes determine the basic trajectory of neural connections, and experience-dependent and experience-expectant neuronal activities share the details (Greenough, Black, and Wallace 1987) .
Neuronal responses during critical periods are experience expectant. That is, programmed nerve cells take advantage of experience and stimuli that are normally available to a species to guide the development of specific attributes of individuals of that species. In other words, nerve cells are genetically structured to use expected inputs from sensory stimuli to program their developing functions. The visual and auditory systems rely upon the expected presence of the visual and auditory environments in which humans evolved. Experience-dependent plasticity is the brain's ability to learn from its own unique and cumulative experiences and to function and respond to specific environmental cues. For example, the human capacity to learn a language is experience expectant, programmed by exposure to any language, whereas learning English rather than Japanese is experience dependent. These constructs are the synaptic equivalents, respectively, of the programming and the cumulative mechanisms just described.
Age-specific experiences shape the structural and functional attributes of a developing nervous system. Suomi's (1999) studies of cross-fostered monkeys and Meaney's (2001) studies of cross-fostered rats dramatically showed how changing early rearing environments can transform the expression of genetically programmed neurotransmitter production and behavioral outcomes. Although no analogous neuromaturational cellularlevel studies have been done in humans, epidemiological studies suggest that brain function in later life can also be influenced by experiences in early life, with differences in educational attainment accounting for a fourfold difference in the risk of the Alzheimer's type of dementia (D'Arcy 1994). The notion of critical and sensitive periods has also increasingly been used to consider the optimal timing of altering a disease trajectory, such as the hypothesized critical period when nonsteroidal anti-inflammatory drugs may influence the risk of Alzheimer's disease (Breitner and Zandi 2001) .
The Importance of Transitions and Turning Points in Health Development. A second significant timing-related issue for health development is the series of biological, psychological, and social transitions and turning points that individuals experience during their lives. As noted earlier, developmental plasticity and vulnerability are complementary expressions of the same idea, with episodes of rapid change creating periods of enhanced vulnerability. This relationship implies that developmental trajectories can be altered more readily during sensitive periods of rapid developmental change than during other periods. Each transition represents an important point in development during which adverse and beneficial inputs can have a relatively greater effect on future health. Life transitions, such as starting nursery school, entering middle school, or entering or leaving the workforce, impose stress on adaptive and regulatory systems, requiring the developing individual to adapt to new routines and to adopt new response patterns. In young children, neuroendocrine changes are associated with the development of social competence in a new peer group. Other simultaneous physiological and social developmental transitions may take place during puberty or menopause. In future research, these transition and turning points are likely to provide important clues to the nature of biological and behavioral programming (Boyce et al. 2001) . How life's transitions and turning points are managed can lead to different stress response patterns, different levels of allostatic load, and different functional trajectories.
Multiple Time Scales. A third critical feature of human development is the role of multiple time scales and chronological contexts whose shifting relationships are responsible for important variations in health development trajectories. Biological, psychological, cognitive, and social developments occur on different time scales, each with its own developmentally significant transitions and turning points. For example, biological processes are regulated by the organism's "biological clock," which is genetically programmed and influenced by various physiological feedback mechanisms. The biological clock determines the onset of puberty and the emergence of reproductive capacity for males and females, but it also is influenced by social and cultural changes, as evidenced by the shifting age of puberty onset and the changing age of menarche (Worthman 1999) .
Psychological time frames are reflected in the particular stages of psychological development and are influenced by transactions between the neurodevelopment process and social experiences. Freud, Erickson, Piaget, Levenson, and many other developmental psychologists illustrated how these psychological processes may be constructed and how they function. At a cultural level, socially defined stages such as "middle childhood" and "adolescence" and societal expectations based on chronological age and outward appearance represent additional time frames.
A key feature of these different biological, psychological, and cultural time scales is the fact that critical developmental events may occur in varying relationships to one another in the same person. For example, adolescents may enter high school at the same chronological age but function at different levels of emotional maturity and physiological development. The synchronization of these different time scales, which have been shaped by the forces of evolution, permits social, cultural, psychological, and biological processes to interact harmoniously. During periods of rapid historical, cultural, or social changes, these entrained time scales can push and pull on one another, leading to disjointed interactions. For example, adolescents now become reproductively mature at a younger age while at the same time, adolescence is being extended into the early to middle 20s, without the need to marry or enter the workforce at the age of 16 to 20, which was the norm a century ago. For many adolescents, the social pressure for psychosexual autonomy directly clashes with this prolonged dependence on family. Similarly, now that families have historically unprecedented residential mobility, many frail elderly persons have become isolated, uncared for, and subject to depression. These subtle changes in the relationships among different specific developmental time scales may have profound consequences for the adaptive response of those regulatory systems that determine health development (Worthman 1999) .
These examples show the importance of timing in health development. The timing of experiences during physiologically sensitive periods, the relationship of health development to externally defined social transitions, and the synchronization of developmental events and transitions are likely to play an important role in health development. They also highlight a critical feature of development: experiences missed at one stage of life may not be as effective if they are provided later, even if they are more intensive. Unlike financial resources, which can be equalized over time through interest payments, developmental inputs are not necessarily fungible. Lost years and missed developmental opportunities often cannot be recaptured or can be recaptured only at an extremely high cost. It appears that many developmental options, choices, and resources are available only during specific developmental windows, with a disproportionate number in the early years of life.
In summary, these four principles-context, process, mechanism, and timing-constitute the central components of the LCHD framework. Health development is shaped by the dynamic and continuous interaction between biology and experiences and is framed by the constantly changing developmental contexts over the lifetime. These nested contexts include child rearing, access to resources, employment and health care, and the psychological environment that mediates behavior and stress responses to the trials and tribulations of daily life. The dynamic interaction between biology and experience also is shaped by biobehavioral pathways that are genetically programmed and adaptively influenced by individuals, families, and social experiences and environments. Differences in the health development trajectories of individuals and populations reflect the cumulative and programmed effects of risk and protective factors on health development.
From Developmental Health to a Policy Framework That Develops Health
The LCHD framework offers a developmentally unified way of interpreting new research findings and identifies research issues that deserve immediate attention. This framework challenges policymakers to rethink the following to improve the nation's health:
1. How can the health of individuals and populations be better measured? 2. How should health and its related services be organized and designed? 3. How should we pay for health care and invest in health? 4. What should be the underlying principles of a national research agenda for medicine and public health?
Health Measurement Applications
Reconceptualizing Health Measurement. The principles of the LCHD framework offer a radically different conceptualization of individual and population health in the United States. Currently, the health of individuals and populations is measured according to health outcomes-disease, disability, dysfunction, and mortality (Haggerty 1983; Young 1998) . The most widely used measures of health are based on deficits, using levels of decline to define health status (Patrick and Erickson 1993) . Even relatively integrative measures like the health-related quality of life (HRQL) focus on the extent of declines from a hypothetical state of "full health" (Patrick and Erickson 1993) . In contrast, developmental health looks at the potential and unexpressed health of individuals and populations (Hertzman 1999) , thereby coming much closer to the definition presented earlier.
U.S. policymakers, health providers, and researchers are currently less able to define and measure subtle variations in how healthy people are and can be (Breslow 1999) . A developmental framework for health measurement, however, begins with the premise that even putatively "healthy" (free of disease or measurable decline) persons harbor important hidden differences in health status, as reflected in their health development potential. These differences result in varying levels of resilience that have profound implications for future health status and development in the face of risks and adversity.
According to the LCHD framework, differences in developmental health trajectories are likely to explain much of the variance in the nature and rate of later declines in health. An LCHD-informed approach not only measures an individual's deficits but also calculates his or her health assets, much as investors assess both their assets and liabilities to determine their actual financial position. Measuring positive developmental health assets supports health policies based on building individual and community health assets, a concept already used in the field of community development (McKnight 1999) , and encourages the use of health measurement constructs that identify positive health and well-being and not merely disease and deficits (Andrews and Ben-Arieh 1999; Breslow 1999; Lerner and Benson 2002) .
Population Health Monitoring. The LCHD framework's new approach to measuring a population's health and presenting its health indicators could be used as part of a national, more developmentally oriented method to reach Healthy People goals and to select, frame, and report on Healthy People indicators (Chrvala and Bulger 1999; . The LCHD framework could also indicate potential relationships among factors like early literacy at age three (Whitehurst and Lonigan 1998) , reading readiness at age five, reading ability at age eight, 11th-grade achievement tests (Phillips, Crouse, and Ralph 1998) , and the decline of cognitive abilities in later life (Katzman 1993) . Using this approach, a community could 1. Chart and link community members' cognitive outcomes and trajectories. 2. Predict the need for respiratory care, by measuring the onset and severity of asthma in children, their access to and quality of care, the community's success in eliminating pests and allergens, and long-term respiratory function in its elders. 3. Track children and adults longitudinally and use time series data for individuals and populations to guide policies and interventions. 4. Use various markers in several domains to track and understand related and temporally linked health trajectories.
These steps could better monitor the health of both individuals and populations. Using a more integrated approach, a community could determine its health assets and deficits, create a basis for long-range forecasting, and promote positive health development outcomes for individuals and the community as a whole (Chrvala and Bulger 1999; .
Individual Health Monitoring. The LCHD framework can also be used to identify biological markers of developmental stress in early childhood that not only identify current exposures but also may be programming the child for enhanced risk in future years. Using the LCHD approach, measurement strategies could become more linked across physiological systems and developmental time frames. For example, to understand the relationship of a person's particular temperament, social competence, and adrenal cortical activity, new measurement strategies could collect data from all these domains and across time (Gunnar et al. 1997) . A better understanding of the mediating factors and better measurement strategies could lead to a better definition of the developmental pathways that influence trajectories and the potential of new biomarkers to gauge the function and mutability of any given trajectory (Boyce et al. 2001; Dawson, Ashman, and Carver 2000) .
The Organization of Health Systems and Interventions for Change
Research evidence indicates that developmental trajectories can be redirected by population-based strategies that transform children's early life experiences. This concept was used in such well-known population-based interventions as the Elmira New York Nurse Home Visitation Study, the Abecedarian Project, and the Perry Pre-School Project (Campbell and Ramey 1995; Olds et al. 1997; Ramey et al. 1992; Weikart, Kamii, and Radin 1994) . These studies showed that when children or families at risk receive comprehensive interventions that transform basic contexts and relationships by means of, for example, parenting education and enriched preschool environments, their developmental trajectory can be significantly altered, compared with the trajectories of children who did not receive such interventions (Karoly et al. 1997) . Even when changes in IQ were not significant or sustained, these early intervention programs substantially raised noncognitive skills and social attainment (Heckman 1999) . Studies have demonstrated that success is possible with the participation of a wide range of community institutions and organizations, including schools and social service agencies (Keating and Hertzman 1999) . The United States, Canada, England, and Australia are currently implementing comprehensive strategies to improve child development outcomes based on the results of these and similar intervention studies (Halfon and McLearn 2002) .
Designing Integrated Health Interventions. In addition to supporting population-based strategies for organizing health care, the LCHD framework implies a health care system designed to achieve the goal of optimizing developmental health. Whereas the conventional clinical practice is to focus on a relatively few specific causes of poor health outcomes, the LCHD framework suggests that health-promoting interventions may be more effective if organized into integrated health management pathways (Peterson and Kane 1997) . For example, the onset and severity of chronic obstructive pulmonary disease (COPD) in adults may be changed by intervening in the childhood or adolescence of individuals with reactive airways (Holt and Sly 2000) and by addressing the biological, emotional, cognitive, and environmental determinants of poor respiratory outcomes. These interventions typically include environmental manipulations to reduce exposure to antigens, more aggressive and responsive clinical interventions to minimize the secondary complications of chronic inflammation, and psychological interventions designed to optimize the adaptive response to a chronic disease (Halfon and Newacheck 2000) . Modifying several behavioral risk factors simultaneously (diet, exercise, and stress management) is the strategy of choice for multibehavioral change programs for primary and secondary prevention (Singer and Ryff 2001) . Likewise, in the case of insulin-dependent diabetes, multilevel programs for weight control, glucose management, diet control, exercise, and stress management have a synergistic influence when linked together (Wing et al. 1986 ). Similar multilevel behavioral change strategies have been shown to work for coronary heart disease (Ornish et al. 1998 ) and may also improve other diseases.
Creating Life Course Health Development Management Systems. The value of an integrated approach to promoting health development can be seen in the growing use of comprehensive approaches to disease management and the initiation of "health management" programs. Health management programs, whose goals are to prevent disease and promote health, could be part of a set of lifelong health management strategies like those now being developed for heart disease, diabetes, and other common chronic and degenerative adult medical conditions (Peterson and Kane 1997; Wagner, Austin, and Von Korff 1996) . Recent advertisements by Blue Shield of California illustrate the potential popular appeal of a life course approach (figure 5).
Organization of Developmental Health Services. The predominant organizational form of health services in the United States is managed care. It is epitomized by the health maintenance organization (HMO), which focuses on the vertical integration of services to provide primary, secondary, and tertiary medical care. The goal of a vertical integration of care services is to ensure access to a continuum of medical services that can efficiently maintain health in a reasonably healthy adult in the maintenance phase of life, or the flat part of the developmental trajectory curve.
A truly developmentally focused health service organization would focus instead on improving the health of the entire population and over their entire life course. Because the HMOs' vertical integration strategies would be insufficient, they could be supplemented by longitudinal service integration, reflecting changing life course health development concerns (Halfon, Inkelas, and Hochstein 2000) . A longitudinally integrated service delivery system would try to minimize developmental risks and optimize health development trajectories by not only linking health service provisions but also integrating the relationships among all the organizations serving individuals at different stages in their lives. These would replicate at the institutional level the continuity once provided by single providers in small stable communities, providers that might have been familiar with individuals over several decades and across several generations. Such a health development system would be responsible for optimizing its population's health development for an extended time and would reduce the incentives for shifting costs to later stages of life when health care becomes a government responsibility alone.
What we are proposing is more than a reframing of what Alpert, Charney, and Starfield meant by good-quality primary care (Starfield 1998) . Although there are important similarities in form and function, we believe that the level of integration proposed within and across a health development system is qualitatively and quantitatively greater than "good primary care." The type of integration proposed would require changes in the systems that support and maintain the delivery of health services, as well as in the other systems linked to health care, such as early and primary education, care of people with developmental disabilities, and child and family welfare. It will also require policy and programmatic changes at the practice, health care system, community, and policy levels.
For organizations and health systems to become more longitudinally integrated, we will need to develop health information systems, redefine health management pathways, and provide fiscal incentives to organizations to promote long-term health. We have suggested elsewhere that combining vertical, horizontal, and longitudinal integration strategies would permit the construction of a so-called health development organization (HDO), a comprehensive system that would differ from an HMO by its focus on health development and its horizontal linkage of health, education, and social services at the community level (Halfon, Inkelas, and Hochstein 2000) .
There are several possible ways of achieving the type of vertical, horizontal, and longitudinal integration contemplated in the HDO.
• Medicare and Medicaid could begin to incorporate LCHD principles into their payment methods and regulatory framework. For example, they could pay for the coordination and integration of care over time as part of a health or disease management pathway or pay for specific services that address adaptive mechanisms during critical or sensitive periods. If this approach succeeds in improving outcomes, other purchasers of health care may then have good reason to demand greater accountability for these results through HEDIS (Health Plan Employer Data and Information Set) or other accountability systems.
• To reframe and market LCHD principles, the federal government could create a clearinghouse for information about LCHD issues (modeled on the Cochrane Collaboration). This clearinghouse would be responsible for compiling the best available clinical information about LCHD, which might include research on the development and effectiveness of biomarkers for allostatic load or the effectiveness of early family interventions to improve children's behavioral development.
• Finally, the federal government could offer incentives, particularly in pediatric care, that favored those services that had demonstrated success in preventive and developmental health, as well as credit insurers and providers that did more to augment the health assets (as measured by the various strategies discussed earlier) of individuals and communities.
Health Care Financing
The growing percentage of the gross domestic product devoted to health care underscores the importance to the national economy of exactly how the United States "produces health" (Evans 1994 ). The U.S. health system does not spend money in a manner that is likely to optimize the health of the population, both because its current financing policy is largely designed to respond to illness after the fact and because care is paid for as an insured loss. Although the full range of health care financing issues is beyond the scope of this article, as a nation we must decide how developmental health care services are to be financed. It has long been theorized that the optimization of population health requires a greater emphasis on investment (Mushkin 1962) . Potentially disproportionate economic and social returns are available from investments during infancy, childhood, and adolescence (Heckman 1999 ) because early investments increase productivity for decades into the future (Grossman 1972) and because, as the LCHD evidence suggests, such investments can delay and even eliminate future health care costs. Nonetheless, we will not be able to solve the fiscal crisis of modern health care nor to provide the appropriate incentives to transform the organization and delivery of health services by simply spending more on preventive services and calling it an investment, especially when policymakers and payers are looking to reduce expenditures. Because of our long-standing and pervasive emphasis on cost-cutting policies, the consideration of new and creative ways to invest in health, not only through prevention, but also through proven long-term health development strategies will be difficult to sell to policymakers. The U.S. health system has trouble conceiving of health expenditures as an investment but continues to spend most of its money for medical care at the end of life, when the health development trajectory is in relative decline (Cutler and Meara 1999) . Although this spending meets essential humanitarian goals, it also ensures that expenditures will remain high and focused on consumption rather than investment, and it guarantees that future health and functional status gains will be minimal and expenditures will continue to be concentrated in the last year of life. Because of how health care has been framed in the United States, routine expenditures are typically based on short-term financing strategies and utilize health insurance products designed to cover episodic care for discrete illnesses or injuries (until recently, Medicaid insurance was on a month-to-month eligibility schedule). Economists classify all medical expenditures as consumption, and payment mechanisms are structured to compensate for "losses" to providers. There is currently no mechanism to record health care expenditures as "investments" whose future value will be measured and whose relative "performance" can be compared with that of alternative investments that can be potentially recouped by the individual or society. Without a fundamental conceptualization of health spending as an investment or the ability to measure investments that are "embodied" in people and to distinguish them from consumption, the currently available finance tools (health insurance) will probably continue to fail to support the optimization of health development.
The LCHD framework suggests the potential benefits of long-term investments in health that begin early in life and continue across the life span. Given the federal government's significant financial interest in delaying and avoiding health care costs and increasing national productivity, government, not the private sector, appears to be the most likely candidate to initiate new LCHD-type financing strategies that increase investment in health capital. Although a prevention-and investmentoriented approach to health expenditure, it would require different kinds, and possibly greater expenditures in the short term. Without a powerful vision for how this might be done, in a way that can fiscally outperform our current health insurance, it will be difficult to convince policymakers and payers that new "investments" are anything more than relabeled "expenditures."
The only policy wave that is beginning to crest and form the impetus for a new and more proactive approach to health care financing is the emerging genetic revolution in medical care. The large increase in health care costs that are likely to accompany breakthroughs in genomics and its promise for predictive medical care might serve as a new incentive to help us think more boldly and broadly about investment. With functional genomics, and a focus on genetic risk that manifests across decades, greater long-term health care investments will be necessary to modify developmental risks.
Because the value of shifting the emphasis on health spending to childhood seems well established, we should not need to wait 50 years for these early investments to bear fruit in later life (Smith 1999) . For example, shifting our spending on coronary heart disease "back" by ten to 20 years by promoting healthier lifestyles or a more aggressive treatment of cardiac risk factors in middle adulthood could demonstrate much of the potential investment value of prevention soon enough to make these expenditures far easier to justify politically and economically than trying to move immediately to prevent CHD by modifying adolescent or young adult behavior or diet-despite the obvious value of exercise and healthy diets throughout life. Similarly, incorporating long-term health investment strategies into medium-term activities designed to forestall adolescent health risks is another strategy that policymakers can use to justify near-term expenditures, based on shorter investment horizons (childhood to adolescence) but at the same time supporting longer-term investment horizons (childhood to retirement age).
The greatest opportunities for investment occur during the first 20 years of life. Several recent analyses of U.S. and Canadian policies show how public expenditures in health and human services, particularly for children, could be better used to maximize the return or investment (Karoly et al. 1997; Keating and Hertzman 1999; McCain and Mustard 1999) . Unfortunately, the prevailing pattern of family and social spending on health development does not take full advantage of these investment opportunities. Typically when individuals begin a family, they are just beginning their lifetime earning cycle, and have fewer resources to invest in health (Becker 1993; Brown 1989) . A greater public investment in health development is justifiable. However, investing in health as a public expense is further complicated by the fact that managed care organizations (MCOs) and health insurers are more interested in "curing" diseases in adults than in promoting long-term health in children. The result is that even though families, school districts, communities, health insurers, and MCOs all claim to be acting on behalf of the young, the existing pattern of expenditures and investments does not match the front-weighted pattern of human health development.
Implications for Future Research
Much about the mechanisms, determinants, and development of health and illness is not yet understood. Future research should include more integrative longitudinal studies of children that examine life course effects. These studies should begin at or before conception in order to assess the maternal neuroendocrine environment before pregnancy (Wadhwa, Sandman, and Garite 2001) . They should collect data during the predictable biological, psychological, and social transitions when humans must adapt to new environments and when interactions between genes and the environment can be measured most easily. What happens during critical and sensitive periods and their biological and psychological effects should be explored further. We need to understand how early programming initiates predisease pathways and how these pathways relate to specific disease states. We also need to understand how developing functional systems interact, react with, and program one another. Such efforts are particularly relevant for unraveling the recently observed increase in childhood asthma, adult onset diabetes, and mental health problems.
As we begin to have a better understanding of the relationship between biological and developmental issues, we should turn to social and contextual issues, such as how family, culture, and other social contexts affect health and how developmental and community assets can promote health and well-being. Because genetic factors account for only part of the variance in developmental outcomes, the value of genomics will depend on our ability to understand and map what Arnold Sameroff termed the "human environtype" (Sameroff and Fiese 2000) .
The National Children's Study, planned by a consortium of government agencies and led by the National Institute for Child Health and Human Development, is an important next step. It proposes to track a large cohort of children from as early in life as possible and will measure biological, psychological, social, and cultural influences on health development for the first two decades of their lives. Similar millennium cohort studies are being launched in Australia, the United Kingdom, and Canada and will address many of the new research topics emerging from a LCHD approach.
Only a more comprehensive and integrated research agenda can determine how communities can address medical and social concerns that result in significant health disparities. The challenge for health policy is to identify and act on the relationships between the individual and the environment at those points at which the cost of intervention is lowest and the effectiveness of intervention is highest. All signs point to the need to intervene in the many factors that now maintain the disparities between socioeconomic status and health outcome, including the specific biobehavioral pathways that link social context with health outcomes (Keating and Hertzman 1999) . No approach is likely to be as effective as addressing the socioeconomic disparities themselves, however.
Conclusions
The Life Course Health Development (LCHD) framework offers a new approach to health measurement, health system design, and long-term investment in health development and also suggests new directions for research. Perhaps the most important implication of the LCHD framework is the need to treat health development as a long-term investment. By underscoring the investment opportunity of early childhood, the LCHD framework shows how the health of the elderly is connected to the health of the young. Accordingly, rather than simply treating the consequences of decline in old age, promoting health from the beginning of life should improve health and well-being both at midlife and in later years while at the same time reducing the cost of treating degenerative diseases. As the genomics revolution begins, the LCHD model provides a developmentally oriented guide to health investment, health policy, and health research.
